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(5~) Abstract 

Novel porous copolymers are disclosed which can be used to prepare ion-exchange resins and polymeric adsorbents. The 
copolymers comprise a copolymer of at least one mono\ mylidene monomer and a crosslinking monomer and have a unique cel- 
lular pore structure. The cellular structure comprises a macroporous void phase which is dispersed within a continuous copolymer 
phase. The porous void phase comprises a plurality of cellular void spaces which are at least partially enclosed by walls of the 
continuous copolymer phase. Also disclosed are processes which can be used to prepare the porous copolymers. a< well as ion-ex- 
change renins and polymeric adsorbents using the porous copolymers. 
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^OROLS COPOLYMERS HA VI NiG A CELLULAR POLYMERIC STR'JCTL RE SUITABLE 'OR 
PREPARING iON-EXCH ANG E RESINS AND ADSORBENTS 

The Dresent invention concerns polymers smtaoie for use m maKing pciymenc 
adsoroents and 'on-excnange -es;ns More particularly, tne invent, on concerns porous 
5 oolymers having a untaue cenuiar ooiymenc structure. 

■on-excnange resins are usea by industry to seoarate cnerrvca> soeoes Trom 
solutions containing them Sucn resins are prepared oy substituting various tyoes o: £ unctio^a 
grouos onto a cross! in*ea ooiymer matrix The functional grouos are capaole of associating 
with chemical soeces so as to remove tnem from solution, ion-exchange resins may oe ca: on-, 
10 anion-, or cheiate-exchange resins, depending on tne cnoice of functional grouo substituted 
onto the copolymer matrix The ooiymer matrix may also be used in oreoanng poiymenc 
adsorbents, sucn as the post-crossimked aasorbent resins disciosea in U S Patent 4,950,332. 

The ooiymer matrix is typically in soneroical oeaa form and is generally prepared 
by suspension polymerization of a finely dividea organic Dhase within a continuous suspending 
! 5 medium. The organic phase comprises monovinyhdene monomers iiKe styrene, polyvmyudene 
monomers like di vinylbenzene and a free-radical polymerization initiator. The copolymer 
beads produced may be microporous, i.e., gel in character, or macroporous, depending uoon 
whether a phase-separating diluent is added to tne organic onase The term " macrooorous" 
refers to the fact that the copolymer has both macrooores and and micropores. The terms 
20 "microoorous," "gel," and "macroporous" arewell known tn tne art and generally describe 
the nature of the copolymer bead porosity. Microporous copolymer beads have pore sizes on 
the order of 50 Angstroms (A) or less, while macroporous copolymer Deads have macrooores or 
1 00 A or greater. Gel and macrooorous copolymer beads, as weii as their preparation, are 
further discussed in U.S. Patent 4,256,840. 
25 Adsorbent resins based on a oost-crossn n<ed . gel copolymer matrix can he 

difficult to manufacture as tne gel copolymer is, m many instances, susceptible to oreakage 
during tne post-crossl inks ng step employed. Conventional macroporous coooiymers generally 
nave oetter strengtn relative to gel copolymers and, as a result. a r e less susceptible to sue- 
Dreakage. However, adsorbent resins cer-vea from sucn conventional macrooorous 
3Q copolymers may nave less adsorption capacity relative to tne gei aasoroent restn due to a 
mgner aegree of porosity, o r void soace 

As can be seen, it is oesi raoie to deveioo a ooivme^zafon orocess ror procucng 
coootyme^ oeaas which nave sufficient strengtn to resist oreaKage and are aiso caoabie ci 
oeina converted into resins with sufficient caoacty. Sucn copolymer oeaas wou'O oe 
35 advantageous ; or use m oreoanng oo'vmer c acsoroents. as weil as :on-excnange resms 
Tne aoove-aescnoeo ooiects are ootamea by tne novei porous coooiyme r 
disclosed herem More particularly me oresent invention concerns a porous coooiymer ot at 
: east one nor.ovi nyhaene monomer ana a coss! inking monomer oresent ■ n an amount o- * r c 
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03 to 5 weignt oercent based on tota; ^lonomerweignt, characterized in mat the oorous 
cooolymer comprises a cellular oore structure wnerem a macroporous vo<c Dhase is disoersed 
within a connnuous copolymer pnase, tne void onase comprising a plurality of cellular void 
soaces which are at 'east partial I y enclosed by wails of the continuous coDOiymer phase 
5 Preferaoly, the oorous copolymer is aaditionaily oost-crossnnked m a swollen state m tne 
presence of a Frtedel-Crafts catalyst to provide a plurality of bridging moieties which link 
together adjacent copolymer cnams and thereoy form rigid micropores. 

The above-described porous copolymer can oe used in preparing lon-excnange 
resins and polymeric adsorbents. 
1 0 Another asoect of the invention is a suspension polymerization process for 

preparing a porous copolymer having a cellular polymeric structure characterized by 
contacting in the poiymerizabte monomer onase at least one monovinyiioene monomer, a 
crossiinking monomer in an amount of from 0.3 to 5 weight oercent oaseo on total monome- 
weight, at ieast one free-radical polymerization initiator in an amount of from 0.025 to 2 
1 5 weight percent based on the monomer weight, and a pnase-separating diluent present in an 
amount of from 30 to 80 weight percent based on weight of monomer anc diluent at a 
temperature from 95 to 1 40°C. 

A further aspect of the invention is a process for making a polymeric adsorbent 

characterized by: 

2Q (a) contacting in a suspended poiymerizabte monomer phase at least one 

monovinyiidene aromatic monomer, a crosslmKing monomer in an amount of from 0.3 to 5 
weight percent based on total monomer weight, at least one free-radicai polymerization 
initiator in an amount of from 0.025 to 2 weight percent based on the monomer weignt, and a 
phase-separating diluent present m an amount of from 30 to 80 weight percent based on 
2 5 weight of monomer and diluent at a temperature of from 95 to 1 40 C C to produce a oorous 
copolymer having a cellular polymeric structure; and 

(b) post-crosslinking the porous copolymer in a swollen state in tne presence of a 

Fnedel-Crafts catalyst. 

Figure 1 is a scanning electron ohotomicrograDh (SEM) of a cross section rrom a 
30 cooolymer having a cellular polymeric structure as disclosed herein 

Figure 2 is a SEM of a cross section taken from a conventional macrooorous 

copolymer. 

Figures 3-5 are SEMs of aosoroents oreoared from a copolymer having a cellular 
polymeric structure that may oe obtained by tne process of Examples 3, 4, and 5, respectively, as 
35 more fully described hereinafter. 

The porous copolymer nas a uniaue celluiar oore structure This cellular structure 
is illustrated by Fig. 1 which is a scanning electron pnotomicrograDh of a cross section from sucn 
a porous copolymer 
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m refere-ce to F.g. 1 . it .s seen tnat tne ceiluiar structure comprises a nacoooro-s 
void onase wn,ch ,s aispersed w.thin a continuous copolymer onase. The void onase >s 
a,spersed so as to form a plurality of ceiluiar vo.a soaces wn.cn are at least oan.anv enclosed ov 
^a.is of tne continuous copolymer onase. As usea here n. the te- a o-urauty of cellar vo.a 
5 soaces wh;cn are at ,east oart.aily encased oy wails of tne cont.nuou: copolymer prase ' 5 

■ntenaed to encompass cooolymers wnerem individual ceiluiar void spaces may, or may not oe 
completely encosed oy tne continuous copolymer onase in tne event tnat the copolymer 
onase completely encloses the cellular vo,d spaces, tne spaces wouia def.ne a a.scont.nuous 
vo,d phase and essentially oe a -closed cell" as that term is usea In describing foams. Where 
1 Q t ne copoiyme- phase on,y partially enc.oses the cellular void spaces, the spaces would oe s.m.iar 
,n appearance to an "ooen cell" as tnat term ,s used m d.scuss.ng foam technology Tne terms 
ooen cell ana closed cell are discussea m Ullmann's Encyclopedia of maustnal Chemistry, 5tn 
Ed.. Vol. A- 11 (VCH Publishers New York, M Y. 1988) at pages 436-439. =-.g. 1 is an example of a 
closed cell structure. 

1 in Fig. 1 , the photomicrograph was obtained by resweiiir.g the copolymer in 

toluene and. finally, in ,so-octane After polymerization, the copolymer was steam distilled to 
remove /so-octane therein that was used as an inert diluent during polymerization After 
distillation, the copolymer was dried and swollen to maximum swellab.hty m an excess amount 
of toiuene. Tnereafter. ,so-octane was gradually added to the swollen copolymer such that the 
20 toluene ,n the copolymer was exchanged with ,so-octane The copolymer was then dned ana 
the photomicrograph taken thereafter. In Figs. 2-5. the photomicrographs were taken with the 
respective copolymer or resins being in a ary state The copolymer or resins were not resworn, 
as described above. 

Tne cellular void soaces within the copolymer are essentially polygonal m shape 
25 with a diameter that generally ranges from 1 00 to 2000 A When post-crossnnKed c 

functionahzed as described Hereinafter, the cellular void soaces may appear iess polygonal .n 
snaoe. ana m many instances will appear essentially sphencai. 

' This cellular structure is suPstantiaiiy different when comoared to the struct j'e o< 
a convent.onal macroporous or macroreticuiar copolymer. F.g. 2 is another scanning electron 
30 pnotom.crograon wh.ch illustrates a cross section nom a typical macrooorous o- macro'et.cu.a- 
cooolymer. Macrooores are seen, as channels, or veins, of continuous vo.a onase tnat are 
disposea Between a continuous coooivme' phase. Fig. 2 illustrates tnat Sucn conventional 
macrooorous or macroreticuiar copolymers nave a copolymer onase consisting of a~ 
agglomeratea mass of minute sonencai gel copolymer particles, as cescr.oea m J S Paten- 
35 4.224,415 

n general, the cooolymers of tne invention are oreferaoly preoared oy 
suspension polymerization metnoos wnerem a monomer m.xture is susoenaea wth.n a~ 
agitated, continuous susoenamgmea, um. as generally d.scussec ■ - J S Patents 4.256. 8*0 ana 
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4,382.124. The monomer mixture comprises at least one monovmylidene monomer, a cross- 
linKing monomer, an effective amount of a ohase-seoaratmg diluent, and an effective amount 
of a free-rad.cai oolymenzation initiator The suspending medium may contain one or mo^e 
suspending agents commonly employed m tne art. Polymerization is conducted by 
; maintaining tne suspension at a polymenz.ng temoerature until reaching a desired degree of 
conversion of monomer to copolymer. Anotner suitable polymerization method is generally 
described in U.S. Patent 4,444,961 . SDecific parameters required for obtaining the cellular pore 
structure are described below. 

The cellular structure is obtained by using an effective amount of a pnase- 
10 separating diluent with minor amounts of crosslmkmg monomer, it is also believed that the 
morphology of the cellular structure is promoted by aaiusting the amount of free-radical 
polymerization initiator and the polymerization temperature. 

The monomers employed are addition polymenzable ethylemcally unsaturated 
compounds. Such monomers are well Known and reference is made to Polymer Processes. 
, 5 edited by Calvin E. Schildknecht, puolished in 1 956 by interscience Publishers, inc.. New York, 
Chapter III. "Polymerization m Suspension" at pp. 69-109 for purposes of illustration. 

In Table II on pp. 78-81 of Schildknecht are listed diverse kinds of monomers 
suitable for practicing this invention. Of such ethylemcally unsaturated monomers, of 
particular interest are water-insoluble monovmylidene monomers, particularly 
20 monovmylidene aromatic monomers such as styrene, vinyl naphthalene, alkylene-substituted 
styrenes (particularly monoalkyl-substituted styrenes such as vmyltoluene and ethylstyrene) 
and halo-substituted styrenes. such as bromo- or chlorostyrene and vinyibenzylchlonde; acrylic 
monomers, such as methyl acrylate, ethyl acrylate, methyl ethyl acryiate. or methyl 
metnacrylate; and mixtures of one or more of said monomers. Preferred monovmylidene 
25 aromatic monomers include styrene, monoalkyi-substituteo styrenes, and halo-suDStituied 

styrenes. Also suitable are diverse polyvmylidene confounds which may be employed as cross- 
linking monomers, such as polyvmylidene aromatics like divmylbenzene, div.nyltoiuene, 
divmylxylene, divinyl naphthalene, tn vmyioenzene, divmyidiDhenyi ether, divmyldionenyisui- 
fone. as well as aiverse alkylene diacrylates and aikyiene dimethacrylates. Preferred 
30 crosslmkmg monomers are divmylbenzene. trivmyibenzene, and ethylene glycol 
dimethacrylate. 

Relatively minor amounts of crosslmkmg monomer assist with formation of a 
cellular structure. For a Dreferred styrene-divmyibenzene monomer system emoioymg a C 
aikane diluent, the amount of crosslmkmg monomer .s Dreferabiy from. 0.3 to 5 weight oercert 
35 and more DreferaDiy from l to 4 weight Dercent Dased on total weignt of monomers empiovec 
Notwithstanding the above, it should be understood that sucn amounts of crossimtong 
monomer may not be necessary for other monomer/diiuent systems 
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Phase-seoaratmg diluents used m oreoarmg :ne oorous coooivmers are tnose 
wnicn are a solvent for the monomer employed, but are non-so'.verts ; c :ne -esuitmg 
copolymer As sucn. pnase separation oetween the resulting coDOlyrre^ and tne monomer 
onase occurs as tne coooiymer forms. Smtaoie ohase-seoaratmg aiiuents are orgar c solvents 
5 wncn are substantially inert w;tr. respect to tne susoendmg medium, monomer, ana resuit.rg 
copolymer Generally, organic solvents navmg oomrg points of at least 6G'"C are suitaDie a-c 
delude aromatic nydrocarbons. aliDnatic nydrocaroons, naiogenated nyarocarDons. arc 
aliphatic alcohols. Examples of suitable diluents are nexane. neDtane. iso-octane '2.2.-1- 
tnmetnylDentane). oenzene, toluene, xyiene, rert-amyi alconoi. n-outanoi. sec-Dutanoi. 2- 

1( 3 ethyihexanol, and decanoi. 

The amount of pnase-seoarating diluent employed is an mnoortant oaramete- for 
ootaining a cellular structure. In general, for a given proportion of monovmyi.aene monomer. 
crosslinKing monomer and initiator, and holding polymerization conditions constant, wnen t-e 
amount of diluent is relatively low the resulting copolymer structure is microoorous. . e ., it nas 
1 5 pores generally less than 50 A in size. As the amount of diluent is increased, it is believed that a 
transition point is reached wnerem phase separation of the copolymer from the 
monomer/diluent pnase occurs and the copolymer structure gradually cnanges from oemg 
essentially all microoorous to one having a conventional macroporous or macroreticular 
structure, as illustrated by Fig. 2. As the amount of diluent is increased Deyond this initial 
20 transition point, it is believed that a second transition point is reached wnerem phase 

separation ,s more pronounced, and thereby gradually results in a cellular polymeric structure, 
as illustrated by Fig. 1 . The cellular copolymers are obtained by using an amount of diluent 
whicn is sufficient to reach this second transition point 

As those skilled in the art can aopreciate, the amount of pnase-seoaratmg diluent 
25 necessary to obtain a cellular structure varies with the choice of monomers, tne amount o* 
crossimking monomer, and diluent employed for a given polymerization As a result, a 
sufficient amount of diluent must be determined more or less empirically *or a give" monome'- 
Diluent system, in a preferred styrene-divmylbenzene monomer system employing a C_ .. 
alkane onuent, such as hexane. neDtane. or /so-octane, the amount of Dnase-seoa-atmg diluent 
30 reauirea is desirably from 30 to 80 weignt percent based on the weignt o ; tne monomers and 
diluent, in this system, tne amount of diluent is preferably from 35 to 50 weignt percent 
The free-radicai initiator may De any ore or a comomat'on o- conventional 
mitiators for generating f ree-rao.cals m tne polymerization of ethyiemca.'y unsaturated 
monomers Representative initiators are UV radiation ana cnemicai initiators, sucn as azo- 
35 comoounds like azobisisooutyronitme: ana oeroxygen comoounas sue- as oenzoyi pe'ox.oe. t- 
butylperoctoate. t-butyiperoenzoate aro /so-prooyipercaroonate 

The free-radicai initiator emDioyeo can aiso De used to promote -'ormat.on or a 
celluiar structure. Genera. ; y, for a giver DroDorvor of reactar-s anc ooiyme^zafc- 
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condition, an ™,n*. a«* .< ^ can .ncr.ase „. - - -,cn .,. 
fornle d Trw r^lt ,s e«.mpl,f,e< 1 bv comoanson of f „i. a and 5. -r« tne r«p«fv- 

radical imuator to obtain a cellular uructure ,s trom 0.005 to 10. and oreferaol, .rem 0 0.S .0 . 
- weight percent, based on totai monomer we.gnt 

The poiymer.zation temperature ,s also a oarameter which can oe usea to 
promote formats of a celluiar structure. The polymenzat.on temperature ,s orererao.y 
n,gher than tnose typ.cal.y used in suspension po.ymerizat.on of ethyien.cai.y unsaturated 
monomers. The temperature , P-erab.y from 95 to ,40t and more preferaoly rrom 00 
m 120°C 

in the preferred suspension polymenzat.on methods, the monomer onase ,s 

upended within an ag.tated suspending medium wn.cn cornor.ses a uouid tnat is suostant,a,y 

,mmiscib.e w.th the monomer pnase. Due to the fact tnat most monomers employed are 

pnmar„y non-polar organ.c compouncs. a preferreo suspending medium ,s water Gen.ra,y 

, , the suspending medium is employed in an amount from 30 to 70, and preferably from 35 to 

we-ght percent based on total we,ght of the monomer mixture and suspending medium. 

Vanous suspending agents are conventionally emp.oyed to ass,st with ma,nta,n,ng a relat.ve.y 

uniform suspension of monomer droplets withm tne suspending medium. U.ustrat.ve 
suspendingagentsareg e lat,n.po ly v,n y ,aicohol.magnes l umnydrox,de,hydroxyetnylcel,u 1 ose, 

20 methylcelluloses, and carboxymethylmethy.cellu.ose. The amount of suspending agent used 
can vary w.de.y depending on the monomers and suspending agents employed . 

The porous copolymer beads obtained by suspension polymer,zat,on metnods are 
essent,a.ly spheroidal ,n shape and nave diameters wh.cn can vary widely, as those sailed .n tne 
art can appreciate. For most uses, oead diameters may oe from 50 to 5000 urn. 

An adsoroent res.n can be prepared from the resulting copo.ymer oy oost- 
cr osslin,ing individual polymer cna.ns after poiymer,zat,on. Post-cross„n,,ng may oe acmevea 
Dy swel.i ng the copo.ymer w.tn a sweK.ng agent and subsequently reacting tne coocymer w,n 
a polyfunctions a.ky.at.ng or acylat.ng agent, as is described in U.S. Patents .,',91.8! 3 and 
4 263,407. 

To obta.n an adsorbent such as that described in U.S. Patent 4.950.332. tne oorous 
copolymer beads may oe oost-crossi.nKed ,n a swoilen state in the presence of a Fnede.-Crans 
catalvst to introduce rigid m,croooros,ty (pores w.tn a o.ameter of 50 A or ,ess) ,nto t,e 
cooo'iymer. .n th,s tvpe of process, tne copolymer shou.d oe prepared from a mono^ m.xt^e 
comprising a monov.nyl.cene aromat.c monomer, as tne post-crossi,nK,n.g step reduces tne 
presence of aromat.c nngs on .nd.v.duai po.ymer cna.ns Smal. amounts of non-aromat.c 
monov.ny.idene monomers, orererably ,ess than 30 we.gm percent Oaseo on monomer we.gnt. 
can oe employed in the monomer m,x^e oe.ng po.ymenzed. but ,t ,s .ess aes.rao.e to oo so as 
•no resuit.ng aosoroents mav nave decreased amounts of surface area and m.croooros.tv os. 
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crossiinKing or tne coooiymer wn, ie .t s m a swollen state displaces anc rearranges aaiacen: 
ooiymer chains, tnereDy causing an increase n the numoer of micropores T n,s rearrangeme~t 
serves to increase overar ooros.ty anc surface area o' tne condyle', wn-ie aiso aeceasmg tre 
average pore size. ^ost-crossimKing a:so serves to trr.Dart rigidity to the coooiymer structure, 
5 whicn -s imoortan: tor orovio;ng ennancec onysica; ana aimensionai stao^ty to tne coooiyme- 
A oreferrea methoa for Dost-cross;:nKmg the copolymer comonses naioa.ky.at ng 
tne copolymer with a naioalkylating agent, swelling the resulting naioaikyiatea coooiyme- 
with an inert swelling agent, and tnereafter maintaining the swollen, r.aioaikysated coooiyme' 
at a temoerature ana in the presence of a Fneaei-Crafts catalyst sucn tnat naioaiKyi moieties on 
:0 tne copolymer react with an aromatic ring or an adjacent coDOiyme' chain to rorm a bnagmg 
moiety, it is aiso oreferred to suostantialiy remove excess haioai kylati ng agent ar.c/or soi vents 
empioyea in naioalkylating the copolymer prior to oost-crossi ink, ng to ootam gooc Quality 
copolymer ana nigh surface area. This tyoe of methoa is described m U S. Patent 4,950,332 
in general, haloaikylation is achieved oy contacting the copolymer with a 
T 5 haioalkylattng agent under conditions sufficient to substitute the copolymer with naioaiky, 
moieties. A preferred haioalkylattng agent is cntoromethyi methyl etner. Preferably, the 
copolymer is haloalkylated by first swelling it under non-reactive conditions with tne 
naioalkylating agent ana an effective amount of a Friedel-Crafts catalyst. The haioalkylattng 
agent advantageously has the Friedel-Crafts catalyst incorporated therein. The swollen 
20 copolymer Deads are then maintained at a temperature sufficient to react the haloaikyiati ng 
agent with the copolymer beads until achieving a desired degree of reaction. In DreDanng the 
adsorbent materials, the porous copolymer is oreferaoiy haiomethylated and most preferably 
chioromethyiated. Methods for haloaikylating copolymer particles are Known. Illustrative of 
such are U.S. Patents 2,642,41 7; 2,960,480; and 2,992,544 Chioromethyi methyl ether is 
25 commoniy emoioyed as a naioalkylating agent. After nai oa. ky iation, ;t is oreTerrea to remove 
excess naioalkylating agent and/or solvents used during naioaikyiation Tms can be 
accomoiished by any method, sucn as washing with an organic solvent like metnanoi, or drying. 

After naioaikyiation, tne coooiymer is contacted witn a swelling agent to exoand 
tne coooiymer structure. Suitaoie swelling agents are solvents whicn are suostanti ai ly inert 
30 during post-cross! i nking of tne nai oai Kylatea coooiymer and .nciude cmonnated hyarocaroons. 
sucn as aichloroethane, chioroDenzene, dicniorooenzene. etnviene oicnlonde, metnyiene 
cmonoe, ana Drooyene dicnionde; or r.itrogen-su ostituteo aromatics. -t<e mtrooenzene A 
oreferreo swelling agent is dicn:oroetnane Advantageous;/, tne coDO'vmer is anowec to Sv\e" 
m an excess amount of tne swelling agent ^or at ;east 30 minutes Preferably, the coooiyme- s 
35 contacted witn the swelling agent Tor a time s-ffioent to suostantiaiiy attain equM.brium w:tr 
-esoect to swe'lmg of tne oarticu :ar sweurg age^t emoioved ! .t s aiso generally co^ven ent to 
dissolve tne rnedel-Crafts catalyst emoioved m ;ne suDseaue^t oost-crossi 1 n<:~-g 'eactio^ 
withm tne swening agent 
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Once swollen, tne haloalkylated copolymer is maintained at a temperature ana m 



the presence of a Fnedel-Crafts catalyst sucn that tne bridging moieties are formed by reaction 
of the haloalkyl moieties with an adjacent aromatic ring. SuitaDie catalysts a r e those discussed 
m connection with haloaikylation. P'-e^erabl y, the reaction temperature can oe from 20 to 
5 180°C for a Denod of at least 0.5 hours. More preferably, tne temperature is from 60 to 85^C 
Where the copolymer is chioromethytated, reaction of a cnloromethyi grouo with tne aromatic 
ring of an adjacent copolymer cnain results m formation of a methylene bridge, i.e., a -CH2- 
moiety, between two copolymer chains After formation of tne bridging moiety, the swelling 
agent is removed by conventional methods, sucn as solvent extraction, washing, drying, or a 
TO combination thereof, if a drying steD is used, it is preferred to avoid an oxygen-containt ng 
atmosphere at temperatures above normai room temoerature. 

After post-crosslinking, tne resulting polymeric adsorbent desiraoly has a specific 
surface area of at least 600 sauare meters per gram ("m 2 /g") of dry adsorbent resin, preferably 
at least 1000, more preferably at least • 200 m 2 /g. Specific surface area may be determined by 
1 5 well-known BET nitrogen adsorption techniques. 

in terms of porosity, the adsorbent preferably has from 0.5 to 1 .5 cubic 
centimeters of oore volume per gram of adsorbent material ("cc/g"). Most preferably, the 
adsorbent has from 0.7 to 1 .3 cc/g of porosity. 

If desired, the porous copolymer beads may be converted to ion-exchange resins 
20 oy functionalizing them with ion-exchange or chelate-exchange functional groups. 

Techniques for converting copolymers to anion-, cation-, and chelate-exchange resins are 
known. 

fn preparing anion- and chetate-exchange resins from poty(vinylaromatic) 
coDOiymer beads, such as cross-linked polystyrene Deads, the Deads are first haloalkylated. 
25 preferably chioromethytated, and tne anion- or chelate-exchange groups are subsequently 
substituted onto the haloalkylated copolymer. The porous cooolymer oeads may be 
naloaikylated by the methods previously described. 

Anion- or cheiate-excnange resins may be prepa r ed from tne haioaikytateo beads 
Dy contact with an amine compound capable of replacing the haiogen of the haioaikyl group 
30 with an amine-Dased functional group. Suitable compounds and methods for oreoanng sucn 
resins are also illustrated in tne patents previously discussed concerning haloaikylation 
Weak-base anion r esins may be prepared by contacting the haloaikyiated 
copolymer Deads with ammonia, a primary amine, a secondary amine, or ooiyammesiike 
ethylene diamine or propylene diamine Commonly employed primary and secondary amines 
35 include metnylamine, ethylamine. outyiamme, cydohexyiamtne, aimetnyiam'ne, and 
diethylamine 

Strong-oase anion resins may oe prepared by contact with tertiary amines, sucn as 
tnmethyiamine, tnethyiamme, o'methvnsoorooanolamine, o r etnytmethyioropy'amme 
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Chelate resins may De Dreoared, for example, oy contacting the haioalkyiated 
copolymer oeads with an ammopyndine comoound, sucn as a 2-oicoiyiamme Cheiate- 
excnange resins may also oe prepared oy contacting tne naioaikyiatea copoiyme^ oeaas witn a 
primary amine to .nitiaiiy convert the copolymer oeacs to a weaK-base amon-excnange res.- 
5 fonowed oy contact witn a carooxyi-contammg comoound, like chioroacetic aca, as aescnoec 
in J S. Patent 2,888,441 

Amination typically comonses contacting the haloaiKylated copolymer oeaas a-:- 
an amine comoound at a temoerature of from 25°C to 1 50 C C ''or at least 1 nour 

Cation-exchange resins may be oreparea from the copolymer Deaas using 
, 0 metnoas illustrated by U.S. Patents 3,266,007; 2,500,149; 2,631,127; 2,664,80 1 ; and 2,764.564 
in general, strong acid resins are preDared oy reacting the cooolymer with a sulfonating age-: 
such as sulfuric acid, chiorosulfomc acio, or sulfur tnoxide. Contact with the sulfonating age^t 
can be conducted neat, or with a swelling agent Contact may be conducted at temperatures 
from 0°Cto 150°C. 

1 5 The resulting cation-exchange resin may be converted to a desired metai salt rorm 

by contact with an aqueous solution of a salt or base containing the desired metal countenon 
For example, the resin can be converted to its calcium form by contact with a CaCI, or Ca(OH) : 
solution. The resin can be converted to other forms i n like manner using suitable water-soluoie 
salts of the desired metal. 

2Q The following examples are intended to illustrate the invention. Ail parts ana 

percentages are by weight and all temperatures are in degrees Celsius (°C), unless otherwise 
indicated. 
Examples 1-10 

Examples 1-10 concern oreparation of copolymers having a cellular polymeric 
i 5 structure and also preparation of aasoroents by post-crosshnking the copolymers 

A suitable polymerization kettle equipped with agitation is charged with a 
monomer phase composed of measured amounts of styrene, a aivinylbenzene mixture 
ootained from Tne Dow Chemical Company containing 55 weignt percent dtvinyibenzene arc 
45 weignt percent ethyl vmylbenzene oased on weignt or the mixture, commercial graae /so- 
30 octane, and t-butyloeroenzoate (t-BPB) and t-butyi perocxoate ( r-3PO) as free-racicai n:t:a:o*s 
The orooortion of each comoonent, m terms of a weignt percentage, employed m a particu ar 
examoie :s listed in Table 1 After cnargmg tne Kettle with tne monomer phase, an aaueous 
pnase comDOsea of water, soaium cicnromaxe, ana ca'Doxymethyi metnyicell uiose (CM^Ci s 
aadea. Tne prooortion of monomer onase to aaueous pnase employed -si.' Tre Drooortic- 
35 of specific aaueous pnase components, a ; so -n terms of a weignt percentage, are ustec n > ao e 
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After adding the monomer ana aaueous pnases, the Kettle is sea ec and ourgec 
with nitrogen Agitation is initiated to size tne monomer pnase into drooiets The <ettte 
contents are heated to an initial oo:ymenzat:on temperature (initial ^e^oeraii. -el as indicated 
■ n TaDle 1 and, subseauentiy, mamtamea at this temperature for a time ( initial Time) ai so 

5 indicated m Taole i to ootain porous copolymer oeacs .n two of the examoies, tne respective 
polymerizations are concluded by increasing the temperature to a temoerature (Fmisn 
Temperature) and for a time (Finish Time) as maicatea in Tabie I to more fuly comolete 
DOtymenzation. The kettle contents are then allowed to cooi to room temperature Tne 
oorous copolymer Deads are recovered from the kettle, wasnea win water, and /so-octane >s 

! q removed by steam distillation. The oeads are finally at i owed to dry at room temperature 
Tne porous cooolymer beads are then oost-crosslmKed by suostituting the 
copolymer with cnloromethyi groups, washing tne beads to remove excess naloaiKytating 
agent, swelling the chioromethyiatea copolymer beads with an inert swelling agent, and then 
reacting the cnloromethyi groups in the presence of a Friedel-Crafts catalyst. For eacn examoie, 

15 a 30 gram (g) portion of the respective beads and 500 milliliters (ml) of cnloromethyi methyl 
ether (CMME) are placed in a 1 liter (L) reactor. The copolymer beads are allowed to swell with 
the CMME under moderate agitation for 30 minutes (mm). Thereafter, 9 g of ferric cnloride is 
added to the reactor. The reactor contents are then maintained at a temperature of 45 = C for 
2.5 hours (hr). The reactor contents are cooled and washed with an excess amount of methanol 

20 to remove the CMME from the beads. Excess liquid is removed from the reactor and the 
chloromethylated beads are again washed with methanol and finally recovered from the 
reactor 

The resulting methanol-moist chloromethylated beads are swollen with an excess 
amount of 1 ,2-dichloroethane (EDO in a 1 l reactor Thereafter, the reactor contents are 
25 neated to distill off any residual amount of methanol from the oeads. Upon reacmng an 

overnead product temperature of 82°C distillation is discontinued and the beads are allowed 
to cooi to 2C°C. A 9 g amount of ferric chloride catalyst is added to tne reactor and tne cooled 
oeads are allowed to contact tne catalyst for 30 mm. The oeads are then neated and 
maintained at a temperature of 80°C for 3 hrs After coonng tne resulting aasoroent oeads to 
30 room temperature, tne EDC is extracted oy rinsing tne Deads five times w:th metnaroi. Tne 
aosoroent beads are dried overnight in an oven at 1 20"C. 

A r 'ter drying, the oeaos are analyzed to determine tne various onysica: o r ooe r t es 
■ isted m Tab<e II Tne Dresence of a ceiiu:ar oolymenc structure 1 s aiso con*i rmed oy scanning 
electron microscooy. Figs 5, and 6 illustrate tne structures ootamaDie tr orr, tne metnoas cr 
35 Examoies 3, 4, and 5 respectively Tne ngures illustrate a structure wne r em a discontinuous 
Dorousvoid Dnase is dispensed w:tnm a continuous copolymer phase 



WO 94/05724 



PCT/LS93/08031 



5 



o 
o 





o 


o 


Ln 




to 




in 


o 


o 


o 


o 


o 


o 


o 





cn 



Cn i CM 
O OJ 



LO 

00 I in 



oj 



C\J 



• i— ( (J 



o o 



m 
cn 



| cn 
c- i in 
o 



o 



LO 

10 

CM 



LO 
OJ 

o 



cn 



O I — 
on j o 
- cn 



(T3 cn 
Ut rsi 



CO 
0\J 



o 

OJ 

OJ 



o 



o 

LO 
OJ 



ao 

LO 



in 
cn 
ao 



go 



qj cn 

H T3 ^ 

o m <* 

3 CQ 



Cn 



cn 



cn 

CTN 



ao 

CTN 



CTN 



cn 



UO 

CTN 



o 
o 



cn 

en 



cn 



x: 

3 



U \ 

jj cn 



o 

OvJ 



LO 



LO 
CO 



UO 



cn 
> 



O 
> 



xj 
C 

V4 CD 

OJ o 
e cn 

Q 



S 
Z2- 



cn 
cn 



O 

co 



o 



VJO 



OJ 



OvJ 

LO 



O 

CO 



ao 
LO 



ao 
o 
ac 



0) 

e o 



OJ 



LO 



CO 



cn 



35 



12 



WO 94/0^724 



PCT/LS93/08031 



Crush Strength is determined oy ta<mg a ^eoresentati ve sample of at :eas: aoo-*. 
20 Deads from a given sample of aosoroent or copoiyme r oeaas, ana aetermmmg the r orce, 
grants, neeaed to 'racture eacn oeaa using a Chatiiton Scale, Model DPP- 1 KG, avaiiao : e rrom . 
C.natnion & Sons Company. Crusn. strength s 'eoortea as tne average or trie v orce 
- measurements ootainea for -he 20 Deads. 

Volume average canticle diameters are determined Dy use of a oartiae size 
analyzer obtained from tne HiAC-Royco Comoany. 

The number of whole Deads, exoressea as a percent, is determined oy m-coscooic 
examination of a representative samoie of at least 2CC oeads Tne numoer of supsta.rtiai y 
T q spherical beads ; n the sample is determined arc a percentage is calculated therefrom 

^orosity and soecific surface area data are determined oy weil-<nown SET 
nitrogen adsorption techniques 
Examples 11-12 

The procedure of Examples 1-1 0 is substantially repeated, except that methyl 
1 5 methacrylate (MMA) is added to the monomer phase being polymerized. 

The proportions of materials adaed to the kettle and polymerization temperature 
is listed in Table III. The proportion of monomer pnase to aqueous phase employed is aiso 1:1 
The physical properties of the resulting adsorbents are listed m Table IV 
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Example 1 3 

Exam Die 13 concerns areoaravon of a post-crossl inked, amon-excnange r es\r. 
from a coooiyme r having a cellular oolymerc structure. 

A 3 l oolymenzation kettle equipped with agitation is cnarged witn a monome^ 

5 phase comoosed of 744 9 g or styrene, 1 0. 1 q of a divmyibenzene mixture ootamed from The 
Dow Chemical Company containing 55 weignt oercent divmyibenzene and 45 weight Dercer: 
ethyi vinyl benzene based on weight of the mixture (a divmyibenzene content of 0.75 weight 
percent based on total monomer weignt), 546 g of /so-octane (42 Dercent by weight oased on 
weight of monomer and diluent), ana 7.6 g of t-butyioerbenzoate (t-3PS) as a free-racica! 

10 initiator After charging the Kettle with the monome^ onase, an aqueous Dhase comoosed or 
1040 g of deionized water, 3.3 g of a 67 percent aaueous soaium dichromate solution, and 260 
g of a 1 percent aqueous CMMC solution is added 

After adding the monomer and aqueous phases, the Kettle is sealed and ourged 
with nitrogen. Agitation is initiated to size the monomer onase into droplets. The kettle 

1 5 contents are heated to a temoerature of 100°C and maintained at that temperature for 18 hrs. 
The polymerization was comoleted by neatmg the kettle contents to a temoerature of 110 3 C 
and maintaining the temperature for 2 hrs. The kettle contents are then allowed to coot to 
room temperature. The beads are recovered from the kettle, washed with water, and /so- 
octane is removed therefrom by steam distillation. The beads are allowed to dry at room 

20 temperature. The presence of a cellular structure is confirmed by scanning electron 
microscopy. 

A 30 g portion of the copolymer beads is placed with 600 ml of CMME in a 1 L 
reactor. The copolymer beads are allowed to swell with the CMME under moderate agitation 
for 30 mm. Thereafter, 9 g of ferric chloride is added to the reactor. The reactor contents are 

25 then maintained at a temoerature of 45 C C for 3 nrs. The reactor contents are cooled and 

washed with an excess amount of methanol to remove the CMME from the beads. Excess liquid 
is removed from the reactor and the cn^oromethytated beads are again washed with methanol 
The resulting methanol-moist chloromethylated beads are swollen witn an excess 
amount of EDC in a 1 L reactor. Tnereafter, the reactor contents are neated to distill off any 

30 residual amount of methanol from the Deads. Upon reacnmg an overneaa product 

temperature of 82°C, distillation is ciscontmuec and the oeaas are allowed io cool to 20 : C A 9 
g amount of ferric chloride catalyst is addec to tne reactor ana me cooied beaas are avowed to 
contact the catalyst for 30 mm. The beaas a^e then reared ana maintained at a temoerature o : 
80°C for 3 nrs. After cooiing the resulting aosorDent oeaas ;o room T emoerature, tne EDC ,s 

35 extracted by rinsing the Deads five times wi;h methanol Tne aasoroent oeaas are a nee 
overnight in an oven at 1 2CC 

The copolymer oeaas are tnen ammated with cimethyiamine An excess amount 
of aqueous aimethylamme solution is added to the oeads in a 1 l -eactor. along with 500 g or 
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wa*er The oeaas are then heated to a temoerature of 70 C C ana maintained at tnat 
temperature for 1 hr. 

Tne onysical orooerties of the resulting resm are dete r mined as i n Examples - 1 
Tne r esm nas the *oi lowing properties: a ;oiune ave r age parti cie diameter of 799 urn, 99 
- percent wno e Deacs, 240 g/bead crusn strength, anc a water r e tent,on capacity of 77 oerce- 
Water retenfon capacity is determined by weH-<nown m.etnods. 
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CLAIMS: 

1 A oorous copolymer of at least one monovmyiidene monomer and a 
crossimking monomer present in an amount of from C.3 to 5 weight Decent based on totai 
monomer weight, cnaractenzea m that the oorous coooiymer comprises a cellular pore 
structure wnerein a macrooorous void ohase is aisoersed within a continuous copolymer ohase, 

5 the void phase comprising a plurality of cellular void spaces which are at least patially 
enclosed by walls of the continuous copolymer phase. 

2. The porous copolymer of Claim 1 in which at least one monovmyiidene 
monomer is styrene, vinylbenzyi chloride, vmyltoluene or ethyistyrene and in wnich the 
crossimking monomer is di vmylbenzene, tnvmylbenzene or ethylene giycoi di methacrylate. 

10 3 Tn e Dorous copolymer of Claims 1 or 2 in which the cellular void spaces nave 

diameters from 100to 2000A. 

4. The porous copolymer of Claim 2 in which tne cellular void spaces are 
completely enclosed by walls of the continuous copolymer phase. 

5. A suspension polymerization process for preparing a oorous copolymer of 

1 5 claim 1 having a cellular polymeric structure characterized by contacting in the poiymenzable 
monomer phase at least one monovmyiidene monomer, a crosslinking monomer in an amount 
of from 0.3 to 5 weight percent based on total monomer weight, at least one free-radical 
polymerization initiator in an amount of from 0.025 to 2 weight percent based on the 
monomer weight, and a phase-separating diluent present in an amount of from 30 to 80 

2o weight percent based on weight of monomer and diluent at a temperature from 95 to 1 40 3 C. 

6. The process of Claim 5 in which at least one monovmyiidene monomer is 
styrene, vinylbenzyi chloride, vmyltoluene or ethyistyrene and in which the crosslinking 
monomer is divinylbenzene, tnvinylbenzene or ethylene glycol dimethacrylate. 

7. The process of Claim 5 in whicn at least one free-radicai polymerization 
25 initiator is f-butylperoctoate, t-butylperbenzoate, benzoyl peroxide, or /so- 

propylpercarbonate. 

8. The process of Claim 5 in which the phase-seoarati ng diluent is a C^ ,„ alkane. 
9 The porous copolymer produced by the process of any one of Claims 5-8 

1 0. A polymeric adsorbent Characterized in that it comprises a copolymer of at 
30 least one monovmyliaene aromatic monomer and a crosslinking monomer present in an 

amount of from 0.3 to 5 weight oercent based on total monomer weight and having a cellular 
pore structure wnerein a macrooorous void pnase is disDersed within a continuous coooiymer 
phase, the void onase comprising a plurality of cellular void spaces wnicn are at least partially 
enclosed by walls of the continuous copolymer ohase, the porous copolymer Demg post- 
35 crossimked in a swollen state in the presence of a Friedei-Crafts catalyst to provide a plurality of 
bridging moiettes which link together adjacent coooiymer cnams ana tnereoy form rigid 
micropores. 

1 1 . The adsorbent of Claim lOmwnich the bridging moieties are - CH moieties 
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'•2 Tne adsorbent of Claims ' C or 1 ; in wnich at<eastonemonovmyhde n e 
monomer is styrene, vmylbenzyl chloride, vi nyltoi uene of ethylstyrene anc in wmcn :ne 
cross; inking monomer is di vmyi benzene, :n vinyi Denzene or ethylene glycol d imetna cry I ate 

*3. The aasoroent of Claim 12 n wmcn tne ceiiuiar voia soaces nave diameters 
5 from 100 to 2000A. 

• 4. The aasorbent of C! aim 12;nwhichtnecelluiar vota soaces are complete' y 
enciosea by walls of the continuous copolymer pnase 

1 5. A process for making a Dolymenc aasoroent having eel i uiar core structure 
characterized by: 

1 q (a) contacting in a suspended oolymenzable monomer onase at least one 

monovinyhdene aromatic monomer, a crossnnkmg monomer in an amount of from 0.3 to 5 
weight percent based on totai monomer weight, at least one free-radicai polymerization 
initiator in an amount of from 0.025 to 2 weignt percent based on the monomer weight, and a 
phase-separating diluent present in an amount of from 30 to 80 weignt percent based on 
1 5 weight of monomer and diluent at a temperature of from 95 to 1 40°C to produce a porous 
copolymer having a ceiiuiar polymeric structure; and 

(b) post-crossl inking the porous copolymer in a swollen state in the presence of a 
Fnedel-Crafts cataiyst. 

1 6. The process of Claim 15m which post-crossl inking is cnaractenzed by: 
20 removing the phase-separating diluent from the porous coooiymer; 

contacting the copolymer with a haloalkylating agent under conditions sufficient 
to substitute the copolymer with haloalkyl moieties; 

removing any excess haloalkylating agent from the copolymer; 
swelling the copolymer with an inert swelling agent; 
25 maintaining the swollen coooiymer at a temperature ana ;n tne presence of a 

Fnedel-Crafts catalyst such that individual naloaikyi moieties on a copolymer chain react with 
an aromatic ring of an adjacent copolymer chain to form a bridging moiety; and 
removing tne swelling solvent from the copolymer 

17 The orocess of Claim 1 6 ;n which tne haloalkylating agent ischioromethy: 

3Q metnyl etner 

18 The process of Clai m 1 6 m which tne bridging moiety is a -C^ - moiety 

19 The orocess of Gai m 1 6 i n whicn tne swei ! i ng solvent 1 s 1 ,2-dichioroethane 

20 Tne polymeric aasoroent oroaucea oy tne orocess of any one of Cai ms 1 5- 1 9 
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r ^ AMENDED CLAIMS 

L received by the International Bureau on 2 February 1994 '(02 02' 94)- 
original claims 2 and 13 cancelled: claims 1-20 amended and renumbered as' clai 

1-18 (2 pages)'] 

1. A porous copolymer of at least one monovi nylidene monomer and a 
crosslinking monomer present in an amount of from 0.3 to 5 weight percent based on total 
monomer weight, characterized in that the porous copolymer comprises a cellular pore 
structure wherein a macroporous void phase is dispersed within a continuous copolymer phase, 

5 the void phase comprising apluralityof cellular void spaces having diameters from 100 to 
2000A which are at least partially enclosed by walls of the continuous copolymer phase. 

2. The porous copolymer of Claim 1 in which at least one monovinylidene 
monomer is styrene, vinylbenzyl chloride, vinyltolueneor ethylstyrene and in which the 
crosslinking monomer is divinylbenzene, tri vinyl benzene or ethylene glycol dimethacrylate. 

10 3 The porous copolymer of Claim 2 in which the cellular void spaces are 

completely enclosed by walls of the continuous copolymer phase. 

4. A suspension polymerization process for preparing a porous copolymer of 
Claim 1 having a cellular polymeric structure characterized by contacting in the polymerizable 
monomer phase at least one monovinylidene monomer, a crosslinking monomer in an amount 

1 5 of from 0.3 to 5 weight percent based on total monomer weight, at least one free-radical 
polymerization initiator i n an amount of from 0.025 to 2 weight percent based on the 
monomer weight, and a phase-separating diluent present in an amount of from 30 to 80 
weight percent based on weight of monomer and diluent at a temperature from 95 to 1 40"C. 

5. The process of Claim 4 in which at least one monovinylidene monomer is 
20 styrene. vinylbenzyl chloride, vinyltoluene or ethylstyrene and in which the crosslinking 

monomer is divinylbenzene, trivinylbenzene or ethylene glycol dimethacrylate. 

6. The process of Claim 4 in which at least one free-radical polymerization 
initiator is r-butylperoctoate, t-butylperbenzoate, benzoyl peroxide, or iso- 

propyl percarbonate. 

25 7 " The process of Claim 4 in w "ich the phase-separating diluent is a alkane. 

8. The porous copolymer produced by the process of any one of Claims4-7. 

9. A polymeric adsorbent characterized in that it comprises a copolymer of at 
least one monovinylidene aromatic monomer and a crosslinking monomer present in an 
amount of from 0.3 to 5 weight percent based on total monomer weight and having a cellular 

30 Pore structure wherein a macroporous void phase is dispersed within a continuous copolymer 
Phase, the void phase comprising a plurality of cellular void spaces having diameters from 1 00 
to 2000A which are at .east partia.ly enclosed by wa.ls of the continuous copolymer phase the 
porous copolymer being post-crossi inked in a swollen state in the presence of a Friedel-Crafts 
catalyst to provide a plurality of bridging moieties which link together adjacent copolymer 

35 chains and thereby form rigid micropores. 

10. The adsorbent of Claim 9 in which the bridging moieties are -CH - moiet, 
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1 1 . The adsorbent of Claims 9 or 1 0 in which at least one monovi nylidene 
monomer is styrene, vinylbenzyl chloride, vinyltoluene or ethylstyrene and in which the 
crosslinking monomer isdivinyl benzene, trivinyl benzene or ethylene glycol dimethacrylate. 

12. The adsorbent of Claim 1 1 in which the cellular void spaces are completely 
5 enclosed by walls of the continuous copolymer phase. 

13. A process for making a polymeric adsorbent having cellular pore structure 
characterized by: 

(a) contacting in a suspended polymerizable monomer phase at least one 
monovinyiidene aromatic monomer, a crosslinking monomer in an amount of from 0.3 to 5 

10 weight percent based on total monomer weight, at least one free-radical polymerization 

initiator in an amount of from 0.025 to 2 weight percent based on the monomer weight, and a 
phase-separating diluent present in an amount of from 30 to 80 weight percent based on 
weight of monomer and dil uent at a temperature of from 95 to 140°C to produce a porous 
copolymer having a cellular polymeric structure; and 

15 (b) post-crosslinking the porous copolymer in a swollen state in the presence of a 

Friedel-Crafts catalyst. 

14. The process of Claim 13 in which post-crosslinking is characterized by: 
removing the phase-separating diluent from the porous copolymer; 
contacting the copolymer with a haloalkylating agent under conditions sufficient 

20 to substitute the copolymer with haloalkyi moieties; 

removing any excess haloalkylating agent from the copolymer; 
swelling the copolymer with an inert swelling agent; 

maintaining the swollen copolymer at a temperature and in the presence of a 
Friedel-Crafts catalyst such that individual haloalkyi moieties on a copolymer chain react with 
25 an aromatic ring of an adjacent copolymer chain to form a bridging moiety; and 
removing the swelling solvent from the copolymer. 

1 5. The process of Claim 14 in which the haloalkylating agent is chloromethyl 

methyl ether. 

16. The process of Claim 14 in which the bridging moiety is a -CH 2 - moiety. 

30 1 7 - Th e process of Claim 14 in which the swelling solvent is 1 ,2-dichloroethane. 

1 8. The polymeric adsorbent produced by the process of any one of Claims 13-17 
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